Caracterização epidemiológica e geográfica da hanseníase em um município brasileiro hiperendêmico Caracterización epidemiológica y geográfica de lepra en un municipio brasileño hiperendémico 
Inclusion criteria
The study included all patients with leprosy living in the municipality of Rondonópolis treated between 2000 and 2010, irrespective of gender and without pre-establishing age limits.
Database
A database based on PostgreSQL, version 8 (Relational Database System Manager Open Source; https://www.postgresql.org/) was used, along with a system for data entry, both of which were accessed over the internet. The information from the forms was entered twice by two people to reduce possible transcription errors.
Geographic information system
A geographic information system, ArcGIS 9.3 (http://www.esri.com/software/arcgis/index.html), MapInfo version 7.8 (https://www.pitneybowes.com/us/location-intelligence/geographic-information-systems/mapinfo-pro.html) and a digital cartographic base of the municipality were used to determine the spatial location of new cases of leprosy, draw thematic maps, and geocode cases.
The addresses of reported cases were located using the digital cartographic base provided by the Municipal Planning Department of Rondonópolis.
Spatial analysis was performed from the geocoding of residential addresses linked to the census tract. The corresponding neighborhoods were identified to facilitate the operationalization of the results. The demographic data sources were the 2000 and 2010 censuses of the IBGE (http:// www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=510760&idtema=125&search=ma to-grosso%7Crondonopolis%7Cproduto-interno-bruto-dos-municipios-2011, accessed on 10/ Mar/2015).
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Detection of spatial clusters
Cluster analysis used the spatial scan statistics developed by Martin Kulldorff 21 . Analyses were performed using the statistics freeware, SaTScan (http:\\www.satscan.org), which was developed to evaluate the geographic concentration of epidemic diseases. SaTScan works with single observations or data aggregated at the census tract level; it is widely used to detect spatial or space-time clusters, where the incidence of events may be too high or too low.
To apply spatial scan statistics, information about the area is associated with a single point within a polygon called a centroid, which is its geometric center 22 . To identify the spatial groupings in each centroid, a circle of variable radius is positioned and the number of occurrences within the circle is calculated according to indirect standardization by sex and age group, taking the whole municipality as the base. If the observed value is greater than expected, the region delimited by the circle is called a conglomerate. Otherwise, the radius of the circle is increased until it involves a new centroid. This procedure is performed until all centroids have been tested. Conventionally, the hypotheses are: H0 (no conglomerates) and H1 (there is conglomerate).
The hypotheses are tested using a likelihood ratio test. The cluster with the highest likelihood is considered the most probable, that is, the cluster that is least likely to have occurred by chance 23 . Primary clusters with p-value < 0.05 and secondary clusters with p-value < 0.02 are considered significant.
Spatial cluster testing was used as the basis to calculate 10% of the population at risk. Values with a relative risk less than one were considered low-risk clusters and those equal to or greater than one were considered high-risk.
Cartographic bases and population data from the 2000 and 2010 IBGE censuses were used; thus, data analysis was divided into two periods, 2000-2005 and 2006-2010. Spatial groupings were generated from spatial scanning maps in the geographic information system of the total population divided into cases of minors under 15 years old (independent of clinical form), and MB and PB cases (with inclusion of population under 15 years old).
Preparation of maps
The digital cartographic base of Rondonópolis and ArcGIS 9.3 software were used to prepare maps with spatial clusters of new PB and MB leprosy cases in children under 15 years old.
The cases were aggregated by the 2000 and 2010 census tracts according to both periods. Upon detection of spatial clusters employing the SatScan software, the results were mapped using chorochromatic and choropleth techniques.
Socioeconomic indicators including average monthly nominal income of the heads of households and average number of residents per household were mapped according to choropleth cartographic techniques.
Moran I index
The Moran I index is a global autocorrelation measure that indicates the degree of spatial association in a data set, with values ranging from -1 to +1, and value 0 indicating no correlation. This index is a weighted correlation coefficient used to determine whether adjoining areas are more similar than would be expected by random distribution 24 . The formula used to calculate the index is:
where N is the number of points in the study, J the number of pairs of points examined, x i the value (e.g., disease incidence) of point i, x j is the value of the point j (x i and x j are two points of close neighbors) and w ij is the weighting matrix.
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Results

Epidemiologic profile
From 2000 to 2010, 2,087 leprosy cases were diagnosed in Rondonópolis, 95.1% (1, 985) lived in the urban area and 4.9% (102) in rural areas. Of this total, 12% (255) of cases were excluded from the sample because their addresses were incomplete or non-existent, giving a total of 1,832 (87.8%) cases geocoded by address. Table 1 shows the distribution of cases between 2000 and 2010 by age, gender, operational classification, R&J classification, disability grading at diagnosis and after completing therapy. The average age of the patients was 39.45 (SD = 17.52) years, 54.5% were men (p-value = 0.040) and 50.27% were treated using MB regimen (p-value = 0.000).
Due to data inconsistency, 19 cases were excluded, then 1,813 patients remained for spatial analysis. Spatial clusters were observed in both periods; red circles indicate high relative risk (values ≥ 1) and blue circles indicate low relative risk (values < 1). n n n n n n n n n n n n n n n n n n n n Although spatial scans were performed considering up to 10% of the population at-risk, large clusters occurred in rural areas, whose census tracts were larger, a fact inherent to the analysis. As they are low-risk clusters, that is, there were less cases than expected statistically and they did not present implications for targeting actions.
Therapeutic regimen
Of the 1,813 cases, 1,808 provided information as to the treatment regimen: 51% (915) were MB and 49% (893) were PB patients. There were 389 MB and 520 PB patients between 2000 and 2005 and 526 MB and 373 PB patients from 2006 to 2010 (Table 1) .
Multibacillary population
In the period 2000-2005, the annual detection rate was 43.1/100,000 inhabitants. During this period, five significant spatial clusters were identified, two high-risk (#3 and #4) and three low-risk (#1, #2 and #5), totaling 22% (85/389) of the new MB population (Figure 1 ). The most likely significant cluster (#1) was low-risk and composed of five neighborhoods in the central region. The two high-risk clusters accounted for 19.5% (76/389) of the new MB cases, distributed in 3.5% (8/8) of the neighborhoods located in the northern, eastern, western and central-western regions. Table 2 shows the characteristics and results of the spatial scan statistics of these five clusters.
The annual detection rate from 2006-2010 was 36.2/100,000 inhabitants. Six significant spatial clusters were identified, three high-risk (#1, #3 and #6) and three low-risk (#2, #4 and #5), comprising 34% (178/526) of the new MB cases ( Figure 1 ). The statistically most likely spatial cluster (#1) was high-risk in four neighborhoods located in the western region. From 2006-2010, the three high-risk clusters accounted for 24.5% (129/526) of the MB cases and occupied 11.5% (29/253) of the neighborhoods located in the western, eastern, central-western and northern regions of the municipality. Table 2 shows the characteristics and results of the spatial scan statistics of these six clusters.
Upon analysis, 6.9% reduction in the annual detection rate was observed in the second period; however, an increase was observed in the number of new MB cases, clusters, and neighborhoods with new cases. Half (50%) of the eight neighborhoods with new cases in high-risk clusters, from 2000-2005, had new cases from 2006-2010: Loteamento Pedra Noventa, Vila Olinda, Parque Residencial Universitário (western region) and Cidade Natal (northern region). However, in 2006-2010, in addition to these four neighborhoods, new MB cases were diagnosed in another 25 neighborhoods of the municipality, 75.86% of which were located in the eastern region, 13.8% in the western region, 6.9% in the central-western region, and 3.4% in the northern region. Nevertheless, considering the significant high-and low-risk clusters, 47.8% (121/253) of the total neighborhoods had MB patients in 2010.
Paucibacillary population
Between 2000-2005, the overall detection rate of PB was 57.7/100,000 inhabitants. Five significant spatial clusters were found, one high-risk (#5) and four low-risk (#1, #2, #3 and #4), comprising 15.4% (80/520) of the new PB cases (Figure 1 ). The statistically most likely spatial cluster was low-risk and included five neighborhoods in the southern region of Rondonópolis. The spatial distribution of the high-risk cluster included 11.2% (58/520) of PB patients distributed in 2.6% (6/8) of the neighborhoods in the east and north regions. Table 2 shows the characteristics and results of the spatial scan statistics of these four clusters.
From 2006 to 2010, the overall detection rate was 27.7/100,000 inhabitants. Four significant spatial clusters were identified, three high-risk (#1, #3 and #4) and one low-risk (#2), comprising 31% (115/373) of new PB cases (Figure 1 ). The statistically most likely spatial cluster was composed of four neighborhoods of the western region. The three high-risk spatial clusters accounted for 30% (112/373) of the PB patients and were distributed in 13% (33/253) of the neighborhoods located in the northern, southern, eastern and western regions. Table 2 shows the characteristics and results of the spatial scan statistics of these four clusters. Upon analysis of the two periods, there was 32% reduction in the overall detection rate in the latter period, with a decrease in the number of PB patients, increase in spatial clusters and regions and neighborhoods with new cases. Half Between 2000-2005, the annual detection rate was 25.4/100,000 inhabitants but no significant spatial clusters were identified.
However, from 2006-2010, the annual detection rate was 19.5/100,000 inhabitants and one significant high-risk spatial cluster was identified comprising 6% (8/135) of the new cases of minors under 15 years old (Figure 2 ). In the latter period, 1.2% (3/253) of the city's neighborhoods made up the single high-risk cluster, being the statistically most likely spatial cluster located in the western region (Parque Residencial Universitário, Vila Olinda, Jardim Ana Carla). 
Moran I index
The autocorrelation spatial test for the relative risk of leprosy in the total population of Rondonópolis showed a significant result (p-value = 0.001) in both periods. In the period 2000-2005, the index was 0.34, and in 2006-2010, the result was 0.09 ( Figure 3) . Although statistically significant, one should interpret the results with caution, noting that the small magnitude of the spatial autocorrelation index suggests a weak spatial clustering pattern. These results show that the spatial patterns of both periods are not random. The tendency for overall clustering was stronger between 2000 and 2005 than in the second period, justifying the search for other variables to help explain this spatial behavior.
Socioeconomic indicators
The average number of residents in households by census tract remained between 3.1 and 4.0, according to IBGE. The average monthly nominal income of the heads of households in 2000 ranged from BRL 0.0 to BRL 500.00 and in 2010 increased from BRL 500.01 to BRL 1,000.00.
Discussion
Of the 1,832 new cases diagnosed and geocoded in Rondonópolis, there was a predominance of male patients. This finding corroborates the literature, which shows that in many regions of the world, including Brazil, there is a predominance of men with leprosy 25, 26, 27, 28 . Other studies, however, revealed no significant differences in gender distribution 29, 30 . Furthermore, other studies report a prevalence of women with the disease 31, 32 possibly related to their current exposure to different social contexts 33 .
A higher prevalence of cases of MB leprosy were diagnosed (51%). However, when analyzing historical series, the increase in the number of MB patients (35%) started in 2006. This may be attributed to the prevalence of tuberculoid and borderline-tuberculoid leprosy forms, which were treated with PB regimen in the first half of this study (2000) (2001) (2002) (2003) (2004) (2005) . Coelho 12 reported the high relapse rates among borderline-tuberculoid patients treated with PB regimen. More recently, however, the therapeutic regimen changed to MB in borderline-tuberculoid patients with 2+ bacilli in the lesion. This approach allowed early diagnoses of MB cases, which helped to avoid relapses and reduced transmission 12, 34, 35 .
According to some authors, predominance of MB patients means late diagnosis and maintenance of the leprosy transmission chain 36, 37 . Regarding R&J classification, more than 50% of cases in Rondonópolis consist of PB, which are probably not responsible for transmission. According to the Pan American Health Organization (PAHO) 38 , household contacts of PB patients have twice the risk of contracting the disease compared with subjects who do not have household contacts with leprosy. However, contacts of MB patients have a 4-to 10-fold higher risk of acquiring the disease 38 . Upon analysis of the neighborhoods in high-risk clusters of PB patients, 73% also had cases of MB patients. However, MB cases were not identified in nine neighborhoods. Thus, it is possible that the stability in the detection rate is caused by the hidden prevalence, despite the prevalence coefficient having reduced from 13.82 in 2000 to 7.52 in 2010. Corroborating our results, Queiróz & Scatena 28 , in 1996-2007, observed a predominance of the indeterminate and tuberculoid forms in the Rondonópolis region and an increase in the borderline form during that period.
The assessment of the disability grading in the Leprosy and Tuberculosis Referral Center of Rondonópolis was classified as regular (79.6%) at the time of diagnosis and poor (35.8%) at discharge. The presence of Grade 2 disabilities at diagnosis indicates delayed diagnosis. However, 3% of Grade 2 disabilities at diagnosis and 1.7% at discharge does not reflect the local reality, as a high number of patients were not evaluated at diagnosis (20.4%), and fewer (64.2%) were evaluated at discharge. These results demonstrate that managers and health professionals need to overcome operational difficulties to ensure the assessment of patients at diagnosis and at discharge, so they can be properly evaluated and regularly monitored to prevent disabilities. Comparing the high-and low-risk spatial clusters in both study periods, the detection rate of the disease decreased. The spatial patterns of the two periods were not random, in the first period there was a trend of stronger overall clustering compared with the second; however, the municipality remained hyperendemic, with an increase in the number of high-risk spatial clusters in the second period.
Observing the distribution of leprosy in the city from 2000-2010, 47.8% (121/253) of the neighborhoods had new MB cases distributed between high-and low-risk clusters in the northern, eastern, western and central-western regions, demonstrating the spread of the disease across the city except in the southern region.
By analyzing these clusters, four neighborhoods were considered high-risk throughout the study period in the western (Loteamento Pedra Noventa, Vila Olinda and Parque Universitário) and northern regions (Cidade Natal). It is possible that there is still hidden prevalence in these neighborhoods, being necessary to intensify surveillance measures.
In the first studied period, there was no spatial clustering of children under 15 years old. However, in the second half of the study, while the number of cases were virtually the same, there was a highrisk cluster covering part of the western region (Parque Residencial Universitário, Vila Olinda and Jardim Ana Carla). These neighborhoods also presented clusters of high-risk MB patients with the proportion of MB leprosy among 15-year-olds, being 7.4% and 25.4% in the first and second periods, respectively. These data, according to Souza et al. 39 , indicate that children have been infected very early, as the incubation period is longer for the MB forms. Studies show that the detection of cases in children under 15 years old is related to recent disease outbreaks and active transmission within families or among contacts, reinforcing the need to prioritize surveillance measures in these regions and intensify the assessments of communicants 14, 40 .
Throughout the study period, the western (Vila Olinda, Loteamento Pedra Noventa, Parque Residencial Universitários), northern ( Jardim das Flores, Cidade Natal and Jardim dos Reis) and eastern (Vila Olga Maria) regions comprised high-risk spatial clusters for all stratified populations, identifying a need to intensify priority actions of health surveillance.
The cartographic bases and population data of the 2000 and 2010 IBGE censuses were used for spatial analysis. According to the data provided by the Rondonópolis Regional Health Department for 2016, no significant changes were found in epidemiological data of leprosy in the municipality compared with the study period. Most (64.2%) of the new leprosy cases resided in the same regions identified in the study, possibly indicating the maintenance of these clusters. One of the limitations of this study is the use of very large radius to search clusters, sometimes encompassing much of the city, which makes the results less informative, especially in terms of targeting actions. However, most of the large clusters identified are low-risk clusters. Thus, the results strengthen the need for intervention mainly in the areas of high-risk spatial clustering.
By analyzing some socioeconomic indicators of the western, northern and eastern regions, we observed that the neighborhoods of these regions are located in the outskirts. This study was unable to assess the number of rooms and conditions of each household. Thus, the data did not allow us to infer whether the number of inhabitants was associated with the distribution pattern of high-and low-risk groups.
The average monthly annual income of heads of households increased in the second period. Despite this increase, the neighborhoods in the western, northern and eastern regions are located in areas where the population has poor living conditions. These results agree with other studies showing that the rates of leprosy are higher in regions with low socioeconomic levels 13, 41, 42 .
During the study period, the population increased by 30%, with 43% of the current population migrating from other states in search of work 43 ; 17% of the migrated population came from endemic areas for leprosy (Minas Gerais: 7%; Goiás: 4%; Bahia: 4%; Maranhão: 1%; Ceará: 1%). In 1983, the PAHO suggested that migration and urbanization increase the risk of leprosy proliferation, hindering the control 44 , as shown by recent studies 41, 42 .
Rondonópolis showed high economic growth with the establishment of several large companies over the last 11 years. This growth, according to Demamann 45 , occurred mainly in the outskirts resulting in urban voids, requiring investments in real estate and public transport. Despite the growth and better distribution of the average monthly income, the social structure of the city is still precarious due to the concentration of income. Thus, on one hand there were several neighborhoods with asphalt, sewage and lighting, on the other, pockets of poverty. Gini index measures social inequality expressed in the range from 0 to 1, where 0 is the situation of total equality and 1 complete inequality. The index of the city of Rondonópolis decreased from 0.58 in 2000 to 0.52 in 2010; despite having declined, inequality is still high. This inequality of income and capital prevails, causing social discrepancies until today 43 (http://cidades.ibge.gov.br/xtras/perfil.php?codmun=510760, accessed on 11/Nov/2012).
Confirming these findings, an absence of high-risk clusters is observed in the southern region, which is considered a prime area in the city, despite a few cases of the disease during the study period.
By analyzing the health care in the seven neighborhoods in the western, northern and eastern regions with high-risk clustering in both periods, all neighborhoods had coverage of the family health program, but there was no significant impact on reducing the endemic. The proportion of evaluated household contacts fluctuated between 8.3% and 75.8% during the study period, the average was 41.6%, considered poor rate (< 50%), thus transmission may remain active. This suggests that monitoring of contacts was neglected by the health services and professionals.
Other possible explanations for the maintenance of the high endemicity are operational difficulties in the decentralization of the program and staff turnover, allied to social problems, poor living conditions and sanitation. These result in late diagnoses of MB cases, as well as the increase in new cases diagnosed with physical disabilities and the increase in children under 15 years old signal a hidden endemic in the municipality.
In Brazil, an endemic country with heterogeneous distribution, this type of study can be extended to other regions. Annual spatial monitoring in endemic regions can significantly help to identify foci of leprosy and increase the degree and intensity of directed health measures.
Thus, this study clearly shows leprosy as a current public health problem in Rondonópolis, considering the reduction of the overall detection rate and the increase in clusters in all stratified populations, the marked changes in the distribution of high-and low-risk clusters, the detection of a high-risk cluster of children under 15 years old in 2006-2010 with recent infection, the presence of active foci, and the overlap of the high-risk cluster of the population of MB patients and children under 15 years old. High-risk areas such as the western region require further control measures and active search strategies to detect new cases and evaluate communicants. Furthermore, patients need to be evaluated and monitored to prevent disabilities, from diagnosis up to five years after discharge.
The results of this study already assisted the Municipal Health Department of Rondonópolis to plan actions to intensify control measures in the regions and neighborhoods most affected by leprosy. The strategies used were active searches for cases among schoolchildren and their contacts, educational actions and evaluations of communities, as most consultations are from spontaneous demand, resulting in late diagnosis and maintenance of the transmission chain. 
